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Is  described  the  aethod  of  obtainiag  precision  beans  linear 
electron  accelerat or,  based  on  the  use  cf  coaaunication/connection  of 
radial  and  phase  notion.  Is  investigated  the  effect  of  hig h-f reguency 
and  current  instabilities  on  the  paraneters  of  bean.  Is  set  forth  the 
procedure  of  the  neasurenent  of  the  enittance  of  bean  at  output  of 
accelerator  to  2 GeV.  During  neasurenent  was  utilized  the  plate  with 
the  set  of  narrow  slots  and  detector.  Are  coapared  the  experiaental 
characteristics  of  bean  with  calculated. 


M 


DOC  » 77191900 


Page  3. 


PAGE  Jb' ^ 


In  obtaining  precision  beaas  on  linear  accelerators  significant 
role  it  plays  the  guest  ions  of  optics  both  in  the  accelerating 
channel  and  in  the  different  systeas  of  foraaticn  and  transportation 
of  particles.  The  optical  properties  of  aultisection  linear 
accelerator  to  a high  degree  depend  on  the  various  hinds  of  the 
perturbing  forces,  which  exist  in  the  real  accelerating  channel,  and 
also  on  the  properties  of  the  systea  of  beaa  focusing  on  accelerator. 
The  fundaaental  characteristics  of  beaa  at  output  of  accelerator 
(energy  spectrua,  current,  eaittance)  in  nony  respects  are  deterained 
also  by  ‘■'le  value  of  the  phase  voluae  of  the  beaa  of 
in  jector-accelerat  or. 


In  aultisection  linear  accelerator  2 GeV  in  energy  between 
transverse  and  axial  notions  there  is  conaunication/connection  [1], 
caused  by  the  presence  in  the  accelerating  structures  of  transverse 
high-frequency  fields  and  by  the  chronatic  aberrations  of  the  systea 
of  beaa  focusing.  This  conaunication/connection  leads  to  the 
three-diaensional/space  separation  of  particles  with  the  different 
phases  in  horizontal  plane,  which  in  principle  Bakes  it  possible  to 
create  sufficiently  narrow  phase  channel  by  aeans  of  the  irising  of 
beaa  in  the  appropriate  places  of  accelerator.  The  creation  of 
sufficiently  narrow  phase  channel  (phase  colliaation)  would  give  not 
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only  and  the  aonochroaatization  of  the  accelerated  beaa,  but  also 
substantially  it  would  decrease  its  effective  eaittance. 


I.  Systea  of  the  phase  colliaation  of  beaa. 


The  existed  systea  of  beaa  focusing  provided  the  greatest 

separation  of  particles  into  the  phases  during  siaultaneous 

satisfaction  of  the  conditions  of  stagaat ic  focusing  in  the  area  of 
■ch 

20- ^accelerating  sections. 


Page  4. 


& 

The  experiaents,  carried  out  with  the  adjustable  colliaator  on  20-^ 
sections,  they  showed  the  clear  dependence  between  the 
size/diaensions  of  the  target/purpose  of  colliaator  and  the  width  of 
the  energy  spread  of  bean  at  output  of  accelerator  [2].  The  role  of 
this  colliaator  is  analogous  to  the  role  of  colliaator-aonochroaator 
at  the  output/yield  of  aagnetic  analyzers.  As  in  the  systeas  of 
transportation,  an  inproveaent  in  the  quality  of  beaa  during  phase 
colliaation  is  reached,  at  first  glance,  because  of  the  loss  of  the 
intensity  of  the  accelerated  current.  In  actuality,  the  situation 
will  press  otherwise.  Since  at  present  the  output  current  is 
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determined  by  the  threshold  of  the  energence  of  lateral  instability 
[ 3 ]#  which  is  such  less  than  the  current  of  injector-accelerator, 
creation  of  narrow  phase  channel  at  the  very  beginning  of  accelerator 
■ust  not  bring  to  a decrease  in  the  accelerated  current. 

The  searches  for  the  accelerating  channel  in  which  would  be 
accelerated  "pure/clean"  bean  with  a snail  phase  extent  of  cluster 
they  led  us  to  the  diagram  which  was  shewn  in  Pig.  1. 


Pig.  1.  Envelopes  of  particles. 


Page  5. 

In  this  figure  are  shown  the  envelope  of  particles  in  horizontal 
(x)  and  vertical  (y)  planes,  and  also  the  arrangenent  of  nagnetic 
quadrupole  lenses  and  colliaators  k»,  k„  k3.  Lens  Lt  and  collinator 
kt  produce  the  preliainary  selection  of  particles  on  the  phases  of 
injector  bean,  utilizing  certain  connunication/connection  between 
energy  of  particle  and  phase  in  the  ontpnt/yield  of 
in  jector-accelerator. 
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The  focussed  beaa  of  the  determined  energy  to  the  slot  of 
collimator  k},  it  is  possible  to  create  the  most  favorable  conditions 
for  the  passage  of  particles  only  vith  the  determined  phase  set, 
since  the  particles  of  other  energies,  but,  therefore,  and  with 
another  phase  set,  will  have  the  larger  size/di me ns ion  of  bean  in 
collimator  kt.  During  further  particle  notion  in  the  accelerating 
sections  comnunication/connection  between  energy  of  particle  and 
phase  becomes  more  explicit,  energy  of  particle  is  the  function  of 
location  of  its  relative  to  wave  crest.  Therefore  the  parameters  of 
the  doublet  of  guadrupole  lenses  - L2,  Lj  and  collimators  - k2  must 
be  selected  from  the  condition  of  the  preferred  incidence/ impingement 
in  the  slot  of  particles,  arrange/located  on  wave  crest.  Let  us 
examine  in  more  detail  the  procedure  of  the  selection  of  these 
parameters.  Let  us  introduce  the  following  designations: 

Jlu  • - the  matrix/die  of  the  doublet  of  guadrupole  lenses 

respectively  in  horizontal  and  vertical  plane; 

Lk  is  a matrix/die  of  the  transition  of  the  i free 

intervml/gmp; 


M,  - the  natrix/die  of  the  transition  of  the  i accelerating 


DOC  * 77191900 


PAGE  J-t'  7 


section  (sine#  la  the  first  four  sections  are  used  the  syasetrized 
■etchers,  aatrix/die  ~U.  it  will  be  double-row  and  identical  both  in 
vertical  and  In  horisoatal  plane). 

Page  6. 


The  complete  aatrix/die  of  transition  fro*  colliaator  kt  to 
colliaator  k,  caa  be  written  as 

/ (I) 

-'j  ■ * -*>  ?•]. 

where 

3»  - Mj)  L4  M,  L , , Jjl  * L y ~tl  V / J "^6  . 

Matrix/ dies  7«.  7<  take  the  fora: 


7, 


'I 


ft 


\ 


(2) 


where 


, t.  r,  i -Jl 

e.flh  L,*  * **  J 

e- ( e"  El~  '***  ir * ft i^/wTr ft  «tx7 
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£ ; - energy  of  particle  at  the  output/yield  of  the  i section 


■(  ii  energy  injection; 


?£  - the  strength  of  field  in  the  beginning  of  section; 


is  decay  constant  of  field  in  section; 


£ - the  length  of  section; 


I7; 


flatrix/dies  Mi,  Mu  in  the  approach/approxiaation  of  the  thin 

lenses 


. U , = 


.U 


r 


(3) 


•hers  Fi(*il  . Ft  (?)  - the  focal  lengths  of  the  first  and  second 

leas;  ^ - the  distance  between  lenses.  By  substituting  in  (1) 
expressions  for  natrix/dies  to  (2)  and  (3)  and  after  requiring 
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satisfaction  of  tho  conditions  of  stignatic  focusing  sinul taneousl y 

••rticnl  piano  at  the  entrance  into  collinators 
1 obtain  tho  single-valued  relation  between  the 
Pdraaotors  of  focusing  and  the  size/dinensions  of  the  collinators: 


in  horizontal  and 

1 A t , />  g ),  ~ ( It. X - C ^ 


- U. 

ex  <JL'L*T. 


L Uk  * <■  1 
C " (i ) Lf 
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With  a radius  of  collinator  k1#  egual  to  -T,  that  part  of  the 
cluster,  which  is  accelerated  on  wave  crest,  in  tho  region  of 
collinator  k2  has  the  transverse  size/dinensions 


For  particles  with  other  phases,  as  a result  of  the  difference  in 
energies,  the  condition  of  stigmatic  focusing  ia  not  satisfied, 
therefore,  transverse  size/dinensions  they  exceed  and  V . 
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Therefore,  if  Me  select  the  size/diaensions  of  collimator  fro* 
condition  (5),  then  this  system  Mill  fulfill  the  functions  of  the 
separator  of  particles  through  the  phases  Mith  separation  ratio, 
equal  to 


A Sx  N) 
Sa 


•f'V, 


(6> 


where  5*  ~ the  eaittance  of  bean  in  x-plane; 


the  eaittance  of  beaa  in  y-plane; 


* s*  . A is  part  of  the  eaittance  of  bean,  included  in  the 
intervals,  given  by  foraula  (5)  ; 


~ the  noraalized  function  of  particle  distribution 
according  to  phases  (for  uniform  distribution  j(^)  = i). 


Beginning  froa  the  fifth  section,  for  radial  notion  is  exerted  a 
substantial  influence  transverse  high-frequency  fields  in  matchers. 
The  aatrix/die  of  the  transition  of  section  in  horizontal  plane 
depends  nov  on  phase  not  only  through  its  coaaunication/connection 
vith  energy,  but  also  directly;  therefore  it  becomes  triple: 
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where  a d i 

J 


fj{P)  - cross  field  in  satcher. 


Page  8. 

The  identification  of  the  paraseters  of  quadrupoles  in  the 

5 th,  2-Oth, 

interval/gap  between  -5 — I-  and  -30 - -t  sections  was  conducted  by  the 
■ethod  of  randoe  search  on  EVH  [ponputer  ].  The  ainieized 

functional  of  the  quality  of  beaa  took  outer  liaits  during 
simultaneous  satisfaction  of  the  conditios  of  stigsstic  focusing  on 
collisator  k,  and  the  absence  of  tbs  losses  of  particles  ( tU'U  • ^ 

- the  aperture  of  accelerator)  with  phase  ff  * o.  Figure  2 depicts  the 
enittances  of  beaas  of  particles  with  different  phases  in  collinators 
k,  and  kJr  and  also  particle  distributions  according  to  phases  after 
the  phase  colliaation,  calculated  taking  into  account  the  function  of 
particle  distribution  according  to  the  phases  of  used  injector 
accelerator  [4]. 


u 
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Thus,  the  systea  of  phase  colliaation  in  the  absence  of  the 
various  kinds  of  fluctuations  asst  provide  been  at  output  of 
accelerator  with  energy  spread  ^_£  4 o,<#  an  basis/base. 


Pig*  2.  Baittaace  of  bean  and  the  fanctioa  of  particle  distribution 
according  to  the  phases  afterward  5 and  of  20  sections. 

Cc  - s-J 
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II.  Effect  of  fluctuations  on  the  paraaeters  of  the  accelerated  beaa. 


The  experiaental  studies  of  narrow  phase  channel  shoved  that  the 
paraaeters  of  beaa  at  ovtpnt  of  accelerator  do  not  correspond 
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calculated.  To  the  reason  for  this  noncan foraity  it  consists  in  the 
effect  of  the  high-frequency  fluctuations  of  accelerating  field  by 
the  parameters  of  bean,  which  were  not  considered  in  the  given  above 
calculations.  The  effect  of  high-frequency  fluctuations  of  the 
paraaeters  of  the  bean  of  linear  accelerator  were  studied  earlier  in 
soae  works,  in  particular  in  [5].  However,  in  this  case  it  was 
assuaed  that  the  radial  motion  virtually  is  equal  for  all  particles 
in  the  accelerated  cluster.  In  our  case  this  assumption  is  not 
justified.  Due  to  coamunication/connection  transverse  and  phase 
notion. 


For  the  explanation  of  the  effect  of  fluctuations  on  the 
paraaeters  of  bean  we  have  investigated  statistical  properties  of 
instabilities  and  conaunication/connection  between  then.  Of  the 
fluctuations  of  the  parameters  it  is  possible  to  break  into  two 
groups:  slow,  froa  one  nonentun/in pulse/pulse  to  the  next  (current  of 
injector,  the  currents  of  correction  and  quadrupole  lenses),  and 
rapid,  during  noaentua/inpulse/pulse  (change  in  the  frequency  and 
aaplitude  on  each  accelerated  section).  Here  investigated  three  forns 
of  the  instabilities:  current,  amplitude  and  frequency.  Pigure  3 

depicts  the  oscillograas  of  amplitude  and  frequency  during 

-tlv 

noaentua/inpulse/pulse  on  19-/^  accelerating  sections.  Statistical 
processing  was  conducted  according  to  35  working  sections  with  the 
selection  through  0.1  microseconds.  Figure  4 shows  the  distribution 


Ld 
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function  of  phase  fluctuations  at  the  noaent  of  tine  r = 0.7  s.  The 
dependence  of  the  standard  deviations  of  the  phase  of  slip  and 
amplitude,  and  also  the  aatheaatical  expectation  of  these  paraaeters 
froa  tiae  it  is  shown  in  Pig.  5 and  Pig.  6.  The  correlation  analysis, 
carried  oat  for  tha  detection  of  linear  coanunication/connection 
between  <7/  and  mv » and  , fn^and  and  also  between  the 
given  variables  tine  becaae  the  following  results.  The  correlation 
coefficients  between  the  enunerated  variables  are  close  to  sero. 
Maximum  value  reaches  the  linear  correlation  coefficient  between  0^ 
and  time  and  composes  value  0.06.  Therefore  during  the  siaalation  of 
high-f reguency  fluctuations  on  coaputer  it  was  considered  that 
between  the  fluctuations  of  freguency  and  aaplitude  is  absent  any 

conaanicat ion/connect ion. 

\b. 

J 


Pig.  J.  Characteristic  aaplitude  (2)  and  freguency  (3)  fluctuations 

on  the  accelerating  section. 
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Pig-  4.  The  distribution  function  of  frequency  fluctuations  on 
accelerator,  expressed  in  the  phases  of  slip,  during  r = 0.7  ms. 

Key:  (1).  -T&d  • 


I 
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Pig.  5.  Dependence  of  the  standard  deviations  of  phase  ( Gy  ) and 
anplitnde  ( 6a.  ) fluctuations  from  tine. 

IT  ^olo)  - 'r 


Fig.  i.  Dependence  of  the  nntonatic  expectation  of  phase  (m,)  and 
anplitnde (mA  ) instabilities  on  tine. 

[Ip*^1  --  r 
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Th«  standard  deviations  of  frequency  and  amplitude  in  tine  ia  thia 
caaa  vara  set/assuaed  by  constants,  but  aatheaatical  expectations  /*iy 
aad  ia  vies  of  their  low  value  were  accepted  equal  to  zero.  This 
proposition  is  substantiated,  since  statistical  portrait  we  attempt 
to  construct  from  sufficiently  small  sample  from  general  population 
of  fluctuations.  The  distribution  function  of  amplitude  and  phase 
fluctuations  was  described  by  the  law  of  Gauss  with  ras  deviation 
respectively 


3y  - 0,1%  -raA.)  - 1,35?. 

The  instabilities  of  the  value  of  the  current  of  injector  were 
considered  evenly  distributed  in  range  cf  l5o/o  from  the  value  of  the 
rated  current,  equal  to  20  mA.  In  Fig.  7 are  presented  the  results  of 
simulation  on  to  the  Honte-Carlo  method  the  combined  effect  of  the 
enumerated  down  fluctuations  on  the  parameters  of  beam.  For  a 
comparison  Fig.  8 depicts  the  experimentally  obtained  spectrum  for 
the  standard  operating  node  1 GeV  in  energy  after  the  creation  of  the 
system  of  phase  colliaation. 

From  the  results  of  this  work  it  follows  that  the  ways  of  phase 
colliaation  it  is  possible  to  create  on  linear  aultisection 
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accelerator  the  narrow  phase  channel,  which  lakes  it  possible  to 
obtain  at  the  output/yield  of  accelerator  precision  beaes  with  energy 
hoaogeneity  better  than  0. lo/o  on  basis/base.  In  this  case  several 
tines  decrease  the  eaittances  of  beaa.  However,  the  presence  of 
fluctuations  it  expands  phase  channel,  in  conseguence  of  which  the 
paraaeters  of  beaa  at  octput  of  accelerator  they  deteriorate: 
grow/r iaee  the  energy  spread  to  0. So/o,  the  eaittances  of  beaa 
iacrease  2-3  tines. 


rf\ 


Pig.  7.  Effect  of  fluctuations  on  the  paraseters  of  the  accelerated 
current  (energy  spectrun  and  the  enittance  of  bean)  . 


,%v  •' '« - ( 

Pig.  8.  Bxperinental  spectrun  of  the  accnlerated  particles  at  the 
output/yield  of  accelerator  during  phaae  collination. 
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III.  Characteristic  aeasureaent  of  beaa. 

one  of  the  iaportant  parameters  of  beaa  at  output  of  accelerator 
is  eaittance  [6].  The  information  about  the  value  and  form  of 
eaittance  at  the  output/yield  of  accelerator  makes  it  possible  to 
solve  the  problem  of  the  transportation  of  bean  to  target  with  the 
minimum  losses  and  optimally.  In  a number  of  cases  of  the  condition 
of  experiment  are  set  the  limitations  on  the  value  of  eaittance,  is 
sometimes  necessary  the  operational  information  about  value  to  the 
fora  of  the  eaittance  of  bean.  Furthermore,  the  eaittance  is  the  good 
diagnostic  parameter  of  accelerator,  since  to  value  and  its  form  they 
depend  on  energy  of  the  accelerated  bean,  level  frequency- phase 
instability  on  the  cell/eleaents  of  high-frequency  system,  phase 
width  of  cluster,  tuning  of  the  focusing  channel,  etc.  Consequently, 
for  the  most  effective  use  of  a beaa  of  accelerator  and  optimization 
of  the  conditions  of  experiment  is  necessary  the  aeasureaent  of  value 
and  form  of  the  eaittance  of  beaa  on  accelerator. 


i 
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Daring  the  aeasureaent  of  enittance  at  the  output/yield  of 
accelerator  to  2 GeV  at  the  basis  of  procedure  vere  placed  the 
aethods,  described  in  the  literature  [7,  8,  9],  taking  into  account 
our  specific  conditions.  Coaaon/generalA otal  for  all  these  aethods 
is  the  use  of  a plate  with  the  set  of  slots,  adjustable  in  the  path 
of  bean  for  the  isolation/liberation  of  its  parts,  and  also  detector 
for  deteraining  the  size/diaension  of  the  beaa,  adjustable  at  certain 
flight  path  froa  plate  and  intended  for  deteraining  the  range  of 
angular  deflections  in  beaa. 


RESEARCH  EQUIPMENT. 


The  location  of  equipaent  during  the  aeasureaent  of  eaittance  at 
the  output/yield  of  accelerator  to  2 GeV  is  scheaatically  shown  in 
Pig.  9.  Between  initial  accelerating  section  I and  rotary  aagnet  2, 
it  is  establish/installed  to  plate  with  the  set  of  slots  3.  On  the 
flange  of  straight  line  the  output/yield  is  fastened  cassette  4 with 
glass  spec iaen/saa pie  5. 


Page  IS. 
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Plate  with  the  set  of  slots  is  Bade  on  tantalus  2 sa  thickness. 
The  location  of  target/purposes  illustrates  Fig.  10.  Distance  between 
the  target /pur poses  of  desirable  having  siniaua  in  order  to  ensure 
obtaining  infornation  about  divergence  at  a great  aany  points. 
However,  the  value  of  this  distance  is  liaited  by  need  sufficient 
clear  separation  of  the  inpressions  of  parts  of  the  beas,  passed  by 
target/purposes,  on  detector,  the  nunber  of  slots  and  their 
height/altitude  are  selected  so  that  the  size/dinensions  of  the 
working  section  of  plate  would  be  knowingly  sore  than  the 
size/disensions  of  beas.  With  the  thickness  of  tantalus  plate  2 ns 
and  of  energy  of  electrons  1000  HeV  rns  scattering  angle  of 
particles,  striking  the  slit  is  approxiaately  9*10"*3  radians. 

Together  with  secondary  particles  the  scattered  electrons  fora  on 
glass  the  weak  background,  on  which  clearly  are  isolated  the 
iapressions  of  parts  of  the  beas,  passed  by  the  slots.  The 
displacesent/aovesent  of  plate  is  conducted  resotely;  under  beas  can 
be  introduced  the  set  of  vertical  or  horizontal  slots.  To  plate  with 
slots  is  separated  fron  detector  by  drift  interval/gap  4.5  n long. 
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Pig.  9.  Location  of  equipment  with  aeasureaent  of  eaittance  at  the 
output/yield  of  accelerator  to  2 GeV. 

Page  16. 


Conducting  of  Measurements  is  complicated  by  the  facts  that  the 
electron  conductor  of  drift  section  passes  through  the  clearance  of 
rotary  magnet.  It  is  natural  that  during  the  measurement  of  emittance 
the  magnetic  intensity  in  magnet  gap  must  be  sufficiently  small. 
Therefore  during  the  time  of  the  measurement  of  enittance  the 
residual  field  is  compensated  with  the  aid  of  an  additional  winding 
so  that  the  value  of  its  strength  would  not  exceed  several  gauss.  The 
error  introduced  in  this  case  does  not  exceed  * X 0.05  aa ,tc 
t 0.5*10~». 
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The  drift  gap  terainates  in  a flange,  on  which  in  the  place  of 
the  passage  of  beaa  is  establish/installed  the  copper  foil  with  a 
thickness  of  50  aicrons.  Close  to  flange  is  attached  the  cassette, 
controlled  renotely,  in  which  simultaneously  it  can  be  charged  10 
glass  speciaen/saa pies.  During  the  aeasurenents  alternately  they  are 
establish/installed  under  beaa,  aaking  it  possible  to  obtain  the 

operational  inforaation  about  changes  in  the  eaittance.  Tine  for  the 
replaceaent  of  plate  does  not  exceed  5 s. 
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Pig.  10.  Plate  from  tantalum  with  the  set  of  vertical  and  horizontal 
slots. 
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As  the  detector  of  beam  is  utilized  sheet  of  glass  GOST 
QAll-union  State  Standard  J-III-65  by  thickness  2.7  ■■  with 
size/diaension  of  plates  45  x 45  an.  The  reason  for  the  selection  of 
glass  were  the  following  considerations.  The  aeasurenent  of  eaittance 
during  the  use  of  this  procedure  assumes  as  one  of  the  operations  of 
determination  of  the  size/dimensions  of  parts  of  the  beam,  passed  by 
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slots.  However,  in  such  cases  when  the  transverse  size/dim ensions  of 
beaa  compose  value  on  the  order  of  0.5  "1.5  n.  many  methods  of  the 
aeasureaent  of  the  airfoil/profile  of  beam  they  encounter 
difficulties.  For  this  purpose  can  be  used  the  change  in  the 
transparency  of  the  glass,  caused  by  effect  of  radiation  [10], 

Research  on  the  dependence  of  the  coefficient  of  transnission  [11]  on 
the  intensity  of  beam  with  the  thickness  of  glass  2.7  mm  and  the 
energy  of  electrons  of  approximately  1000  MeV  showed  that  can  be 
measured  the  particle  densities  from  5*10’  to  2*1012  e/'per  1 mm2. 

The  exposure  time  of  glass  depends  on  the  intensity  of  beam  and 
is  selected  in  such  a way  that  the  coefficient  cf  transmission  and 
the  quite  dense  place  would  be  about  lOo/o.  In  this  case  is  provided 
a greatest  quantity  of  gradations  of  the  coefficient  of  transmission. 

The  total  tine  necessary  for  preparation  and  to  the  measurement 
of  emittance,  is  5-8  minutes.  The  duration  of  exposure  with  the 
working  values  of  the  current  of  accelerator  (0.1-1  mA)  vary  within 
the  range  of  1 to  10  s. 

t 

PROCESSING  RESULTS. 

The  impressions  of  bens  in  glass  spec inen/sanple,  obtained 
during  the  measurement  of  horisoatal  enittance,  are  represented  in 

Fig.  11. 
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Fig.  11.  Impressions  of  beam  on  the  glass  plate  during  the 
measurement  of  horizontal  emittance. 

Paage  18. 

In  each  of  the  replicas  the  position  of  particles  on  horizontal 
is  assigned  by  coordinate  xex*L,  where  x is  a coordinate  of  the 
corresponding  slot,  x*  is  a value  of  the  divergence  of  beam,  L - 
distance  from  plate  with  slots  of  detector.  Subsequently  of  value 
xex»L  let  us  designate  X. 

For  the  photometric  measurement  of  the  impressions  of  bean  in 
glass  spec imen/san pie  was  used  the  micrcphotoneter  HP-4  whose 
construction  makes  it  possible  to  produce  the  notation  of  the  values 
of  the  coefficient  of  transmission  for  photoqraphic  materials  during 
the  automatic  disp lacement/ movement  of  object  table.  The  width  of 
measuring  slot,  i.e.,  its  size/dimension  in  the  direction  of 
photometric  measurement  is  selected  as  being  equal  to  0.003  mm,  the 
height/altitude  of  measuring  slot  is  limited  by  the  construction  of 
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microphotometer  and  it  is  3.3  an,  the  height/altitude  of  measuring 
slot  is  limited  by  the  construction  of  aicrophotoaeter  and  it  is  3.3 
an.  The  size/diaension  of  impressions  in  the  majority  of  cases 
exceeds  the  height/altitude  of  aeasuring  slot;  therefore  the  notation 
of  the  values  of  the  coefficient  of  transmission  was  conducted 
several  passages  with  the  displacement  of  measuring  slot  on 
height/altitude  so  that  the  boundary  of  the  examine/scanned  by 
photometer  zones  would  coincide  and  impressions  were  completely 
photometrically  scanned.  The  notation  of  the  values  of  the 
coefficient  of  transmission  for  the  impressions,  shown  Pig.  11  gives 
in  Pig.  12. 


Pig.  12.  Notation  of  tke  vnlmes  of  tke  coefficient  of  trmnnnission 
for  the  impressions  of  Fig.  3 obtained  on  microphotometer  NP-4. 
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Fig.  13.  Calibration  curv«s  for  q lass  shoot  GOST-  III-65  («  ■ 2.7  an) 
with  energy  of  the  accelerated  bean  E * 1000  NeV. 

Key:  (1).  elect  rons/mm*. 

Page  20. 

Then  is  conducted  the  recalculation  of  the  coefficient  of 
transmission  and  the  value  of  specific  particle  density  on  1 ran*  for 
all  values  of  X.  For  a recalculation  was  utilized  calibration  curve 
(Pig.  13). 
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The  specific  particle  density  on  1 as2  of  the  surface  of 
spec! aen/saa pie  is  the  function  of  coordinates  X and  Y and  can  be 
designated  in  n (X,  y)  . Integration  a (X,  y)  for  y for  each  this 
value  of  X aakes  it  possible  to  pass  to  the  density  of  distribution 

of  particles  along  the  ails  X 

j m(X.y)dy  - "(*)  (I) 

«/ 

Taking  into  account  the  fact  that  with  phctoaetric  measurement 
occurs  the  averaging  of  the  coefficient  of  transaission  in  the  area 
of  aeasuring  target/purpose,  the  operation  of  integration  vas 
replaced  for  each  coordinate  x by  the  addition  cf  three  (according  to 
the  nuaber  of  curve/graphs)  values  of  specific  particle  density  with 
the  subsequent  aultiplication  of  the  sub  by  the  height/altitude  of 
aeasuring  slot  of  aa.  The  obtained  in  this  case  curve/graph  of  the 
density  distribution  of  particles  along  the  axis  X is  represented  in 
Fig.  14.  This  curve/graph  aakes  it  possible  to  produce  the 
calculation  of  divergence  for  each  spot  after  separation  of 
background  and  deposition  of  the  diaphragaing  slots. 


The  isolation/evolution  of  the  background,  caused  by  the 
scattered  on  tantalua  plate  particles,  is  necessary  for  jogging  of 
the  zero  values  N (X)  on  the  boundaries  of  spots.  The  deposition  of 
the  location  of  the  dlaphragaod  slots  (see  Pig.  14)  makes  it  possible 
to  determine  zero  valsos  x 7,  for  each  spot  and  to  pass  on  the 
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calculation  of  the  values  of  divergence  oa  tha  boundaries  of  spots. 
These  values,  calculated  as  quotiaat  with  the  appropriate  siqn, 

determine  angular  extent  of  been,  isolated  by  each  slot,  and  together 
with  the  appropriate  value  of  x they  are  points  on  the  boundary  of 
the  eaittance  of  bean  on  plane  x,  x’.  Siailar  calculations,  produced 
for  all  spots,  aahe  it  possible  to  determine  the  boundaries  of  the 
eaittance  of  Fig.  15.  This  eaittance  corresponds  lOOo/o  of  particles 
in  beam. 

The  practice  of  the  aeasureaent  of  the  eaittance  of  beans  shoes 
that  the  particle  distribution  in  two-diaensional  phase  space  is 
nonunifora.  Because  of  this  the  enittances  of  entire  beaa  and  its 
nucleus,  which  includes  80-90o/o  of  particles,  differ  2-2.  5 tiaes. 

The  aeasureaent  of  the  eaittance  of  the  nucleus  of  beaa  and 
deterainat ion  the  corresponding  to  it  part  of  total  current  was 
conducted  with  the  application/use  of  the  following  procedure. 
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Fig.  14.  Density  iistribution  of  particles  along  the  axis  X. 
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Pig.  15.  Eaittance  of  the  bean  of  the  accelerated  electrons,  by 
aeasured  at  the  different  levels  n (X). 


I rjicl  Vala*  °f  e"ittance-  (2)-  Bean  currents.  (3).  ■■•■rad. 
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Page  23. 

If  we  in  Fig.  14  in  parallel  to  X-axis  conduct  the  line,  which 
corresponds  IO0/0  of  the  aaxiaua  value  N (X),  then  in  the  points  of 
the  intersection  of  curve/graphs  M (X)  with  this  line  will  be 
obtained  the  points,  which  determine  the  new  boundary  of  enittance. 

The  portion  of  particles,  characterized  by  enittance,  was 
deterained  as  follows.  In  the  exanination  of  function  M (X)  for  one 
spot  it  is  easy  to  note  that  the  total  quantity  of  particles,  passing 
through  this  slot,  and  designated  n(x),  can  be  deterained  by  the 
integration 


j*  fl(X)4X 

x,.. 


n(t). 


(2) 


where  and  XM  - value  X on  the  boundaries  of  the  spots,  with 

which  function  H (X)  takes  zero  values. 

talus  ;i(x)  characterizes  at  the  sane  tine  the  density  of 
distribution  of  particles  according  to  x in  transverse  bens  section 
in  the  location  of  the  slot  in  question.  The  set  of  values  n(x), 
obtained  during  integration  H (X)  for  different  spots,  aakes  it 
possible  to  construct  the  curve/graph  of  the  density  distribution  of 
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particles  according  to  x in  the  beaa  being  investigated.  I ntegraWfifv1* 
ve  obtain  the  total  quantity  of  particles  in  beaa  A/. 

J - A/ 

0r„  by  utilizing  expression  (2),  it  la  possible  to  write 


l*> 


The  calculation  of  a quantity  of  particles  for  the  enittance, 
deterained  at  the  level  lOo/o  of  the  aaxiaun  value  d (X)  # is 
conducted  sisilarly.  Difference  lies  in  the  fact  that  a quantity  of 
particles  is  cosputed  in  accordance  with  the  expression 

X*f  i* 

dx  f M(X)dX  - A'..,  , (5; 

* • 

and  are  values  X on  the  periphery  of  the  spots,  by 

which  v(i)«o,iaiX;M)lc 

Page  24. 

The  results  of  neasureaents,  processed  with  the  aid  of  the 
described  procedure,  are  represented  in  Pig.  15. 
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ERRORS  DURIHG  THE  MEASUREMENTS  OP  BHITTASCE. 

During  the  leasureient  of  eiittance  by  the  leans  of  plate  with 
the  set  of  slots  there  are  following  sources  of  errors.  This  first  of 
all  the  error  in  the  deter lination  of  fori  and  value  of  eiittance 
because  of  the  liiited  quantity  of  leasuring  points.  Divergence  is 
■ensured  only  at  those  points  of  the  cross  section,  where  the  beai  it 
passes  through  slots,  and  the  information  about  intermediate  points 
it  is  lost.  For  this  reason  desirable  would  be  to  make  the  distance 
between  slots  minimum;  however,  one  should  consider  the  need  for  the 
clear  separation  of  spots  on  detector.  The  error  indicated  is  laid  in 
the  very  nature  of  method.  It  can  be  decreased  by  the  repeated 
measurement  of  eiittance  with  the  intermediate  displacements  of  beam 
along  this  axis  by  low  value  and  of  the  subsequent  comparison  of 
results. 

Is  possible  also  the  fault  of  measurement  of  divergence, 
determined  by  the  width  of  the  measuring  slot  cf  photometer.  With  the 
width  of  slot  0.003  ■■  and  basis  4.5  ■ this  error  composes  ~1«10~* 
radians. 
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The  use  of  glass  and  the  quality  of  detector  has  a series  of  the 
special  feature/peculiarities,  which  Bust  ke  considered  during 
aeasureaents,  for  exaaple,  necessary  tc  eliainate  the  effect  of 
scattering  electron  beaa  and  the  substance  of  glass  froa  the  results 
of  aeasureaents.  The  authors  produced  the  estiiation  of  the 
aeasureaent  of  the  size/diaension  of  the  beaa  with  of  its  passage 
through  glass.  It  is  establish/installed  that  with  energy  of 
electrons  1000  MeV  and  during  use  for  the  aeasureaents  of  glass  2.7 
aa  thickness  the  scattering  does  not  affect  the  accuracy  of  results. 

It  should  be  noted  that  irradiated  glass  in  the  course  of  tine 
is  provided.  This  process  is  developed  unevenly  in  tine  and  its  speed 
depends  on  radiation  dose  at  the  particular  point.  Therefore  produced 
the  aeasureaent  of  the  dependence  of  the  coefficient  of  transaission 
on  tiae  after  irradiation  for  the  different  initial  values  of 
coefficient,  which  aade  it  possible  to  introduce  the  appropriate 
corrections  during  processing  the  results  cf  aeasureaent. 

The  accuracy  of  aeasureaents  during  the  use  of  the  described 
aethod  is  deterained  also  by  the  sensitivity  of  photoaeter,  by  the 
nagnitude  of  error  during  reaoval/taking  calibration  curve  and  by  the 
deviation  of  the  thickness  of  glass  frcn  rating. 


DOC  = 771  91900 


PAGE  3 'J 


Page  25. 

The  aacrophotoaete r MF-4  provides  the  accuracy  of  the  aeasureaent  of 
the  coefficient  of  transmission  not  worse  than  lo/o.  Error  during 
reaoval/taking  curve  does  not  exceed  5o/o  a is  caused  aainly  by  error 
during  the  aeasureaent  of  exposure  and  intensity  of  electron  beaa. 

According  to  GOST- 11 1-65,  the  deviation  of  the  thickness  of  glass 
froa  rating  is  ♦ 0.2  an.  However,  aeasureaent  of  the  thickness  of 
glass  spec iaen/saa pie  in  each  case  made  it  possible  to  introduce  the 
appropriate  correction,  assuming  that  the  photographic  density  was 
proportional  to  the  thickness  of  glass.  The  effect  of  changes  in  the 
cheaical  composition  of  the  different  party/batches  of  glass  for  a 
change  in  the  coefficient  of  transmission  noticed  was  not. 

Taking  into  account  corrections,  the  randoa  rms  error, 
calculated  after  five-fold  aeasureaent  of  the  eaittance  of  one  beam, 
was  tlOo/o  with  probability  0.95. 

a 


v — ■ 
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SOME  RESULTS  OF  THE  MEASUREMENT  OF  EMITTANCE  ON  ACCELERATOR  2 GeV 

Bith  the  use  of  the  described  procedure  a series  of  the 
measurements  of  eaittance  during  the  different  aode/condit ions  of 
wcrk  of  the  accelerator. 

Figure  16  shows  the  curve/graphs  of  current  distribution  in  beaa 
depending  on  the  value  of  eaittance.  In  this  case  the  accelerator 
worked  in  one  on  standard  aode/conditions.  Energy  of  electrons  at  the 
output/yield  of  accelerator  was  equal  to  1100  MeV  with  the  wia*h  of 
spectrum  O.60/0  at  the  level  of  0.1  aaxiaum  intensities.  Beaa  current 
coaposed  value  0.4  pA.  The  values  of  phase  density  for  the  horizontal 
and  vertical  emittances,  aeasured  at  the  level  0.  1 n (X)  , are  equal 
to  with  respect  1.35  and  2.4  . A difference  in  the 

radial-  angular  characteristics  in  planes  xx*  and  yy'  is  explained  by 
effect  on  the  beaa  of  transverse  electric  field  in  the  Batchers  of 
accelerating  sections  [ 12  ]..  The  calculation  of  optics  of  accelerator 
for  2 GeV  [13]  showed  that  the  existence  of  cross  fields  in  sections 
in  the  presence  of  the  system  of  focusing  and  clusters  with  the  final 
phase  widths  leads  to  the  appearance  of  an  effect  of  the  separation 
of  particles  into  the  phases  in  horizontal  direction.  According  to 
the  results  of  the  calculation  is  carried  out  the  investigation  the 
dynamic  loudspeakers  of  radial  motion  in  accelerator. 


Page  26 
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For  this  was  changed  the  optical  diagraa  of  the  initial  part  of  the 
accelerator:  were  introduced  supplementary  guadrupole  lenses  and 

diaphragms  with  alternating/variable  opening/aperture  to  3 , 6 and 

th 

20-^  accelerating  sections.  This  Bade  it  possible  to  derive  on 
partiale  accelerations,  which  were  being  located  on  the  periphery  of 
cluster,  to  decrease  the  enittance  at  the  output/yield  of  accelerator 
and  to  raise  the  phase  density  of  bean. 

■th 

Since  the  effect  of  separation  is  aost  pronounced  on  20-^ 
sections,  are  given  to  results,  relating  to  the  dependence  of 
horizontal  enittance,  beam  current  to  the  phase  density  of  bean  at 
output  of  accelerator  on  the  size/dinension  of  the  opening/aperture 
of  diaphragm  A.  for  this  section. 
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Fig,  16.  Current  distribution  in  beaa  depending  on  the  value  of 
eaittance. 


Key:  ( 1)  . ««*nrad. 
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The  corresponding  curve/graphs  are  represented  in  Fig.  17. 
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Fig.  17.  Dependences  of  horizontal  eaittance,  bcaa  current  and  phase 
density  of  bean  at  output  of  accelerator  on  the  size/dinen sion  of  the 

th 

opening/aperture  of  diaphraga  on  20~^  sections. 

Key:  Keys  are  illegible. 
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As  is  evident,  the  phase  density  noticeably  grow/rises  during  a 
decrease  in  the  opening/aperture  of  diaphraga  froa  8 to  4 aa.  The 
korisootal  and  vertical  eeittances  of  beaa  with  4 ■■  are 
represented  la  Fig.  f«. 
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Fig.  18.  Horizontal  and  vertical  eaittances  of  team  with  the 
size/diaension  of  the  opening/aperture  of  diaphraga  on  20- 1 sections 
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Key:  (1).  nrad.  (2).  Value  of  eaittance.  (3).  Beaa  current.  (4). 
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